We have studied the efficacy of a continuous paravertebral infusion of bupivacaine for the management of post-thoracotomy pain in 20 infants with a median age of 5.3 weeks (range 2 days to 20 weeks). Immediately before chest closure, 0.25 % bupivacaine 1.25 mg kg was commenced 1 h later and terminated after 24 h. We found that extrapleural paravertebral catheter placement under direct vision was easy in neonates and infants. The technique provided effective postoperative pain relief in 18 (90 %) patients and the failure in two (10 %) infants was attributed to catheter block. Mean maximum serum concentrations of bupivacaine after the loading dose and during infusion were 1.03 (SD 0.56) and 2.00 (0.63) g ml 91 , respectively. There were no major complications relating to the technique and we conclude that extrapleural paravertebral block is a simple and effective method for post-thoracotomy analgesia in young infants. (Br.
Providing safe and effective analgesia after thoracotomy in infants is particularly difficult. Opioids are the mainstay of treatment of such pain [1, 2] , although the potential for serious respiratory depression [3] may lead to inadequate prescribing or administration, or both, in young children [4] [5] [6] . Despite the increasing interest in regional anaesthesia to provide postoperative pain relief in children, the use of percutaneous paravertebral analgesia has only been reported recently in this age group [7, 8] . Insertion of the paravertebral catheter under direct vision at the time of thoracotomy [9, 10] appears to provide equally effective analgesia to the percutaneous approach but is an easier and safer technique. Prompted by these encouraging preliminary reports, we undertook a prospective, noncomparative study to assess the safety and efficacy of a continuous extrapleural paravertebral infusion of bupivacaine in young infants after thoracotomy. As a continuous infusion of bupivacaine into a vascular site, such as the paravertebral space, has the potential to lead to significant systemic absorption and accumulation, we measured serum concentrations of bupivacaine intermittently throughout the study.
Patients and methods
The study was approved by the local Ethics Committee and written informed parental consent was obtained before operation. We studied 20 infants less than 4 months of age (neonates included) who were 938 weeks' gestational age undergoing elective or emergency thoracotomy for various cardiac procedures. Patients were excluded if they were :2.5 kg in weight, their immediate postoperative care was anticipated to be other than in the intensive care unit (ICU) or if they were expected to require postoperative artificial ventilation.
No premedication was prescribed. I.v. cannulation was performed before anaesthesia which was induced with thiopentone 4-5 mg kg 91 . Atracurium 0.5 mg kg 91 was used to facilitate tracheal intubation. Anaesthesia was maintained with 0.5 % isoflurane and 50-66 % nitrous oxide in oxygen, and i.v. fentanyl 2 g kg 91 was used to provide preoperative analgesia. Cannulation of the right radial artery was performed to facilitate arterial pressure monitoring and sampling for bupivacaine assays.
Immediately before chest closure, the parietal pleura was peeled medially starting at the thoracotomy space. The resulting pocket was extended from the posterior wound margin onto the vertebral bodies and for two intercostal spaces above and two below. A Lahey's forceps was used to create a tunnel in the paravertebral space. An appropriately sized Tuohy needle was inserted percutaneously at a site close to the angle of the rib of the thoracotomy incision to emerge near the extrapleural pocket created earlier. The needle was removed and either an end-holed (od 0.63 mm) or side holed (od 0.9 mm) extradural catheter (minipack, Portex Ltd) was advanced through the needle and positioned cranially under direct vision such that about 3 cm of its length lay against the costo-vertebral joints within the pocket (see fig. 1 ). The needle was removed and the parietal pleura was re-attached to the posterior edge of the wound before the thorax was closed. The catheter was affixed securely to the skin where it emerged through the chest wall and a bacterial filter attached.
The catheter was aspirated to examine for the absence of cerebrospinal fluid or blood. A test dose of 0.125 % bupivacaine with adrenaline 1:400 000 (1.0 ml) was injected and haemodynamic variables recorded for 5 min. When intravascular catheter placement had been excluded, a loading dose of 0.25 % bupivacaine 0.5 ml kg 91 (1.25 mg kg
91
) was injected into the catheter. Haemodynamic variables were recorded 1, 3, 5, 10, 15 and 30 min after the loading dose. The infant was transferred to the ICU and the trachea extubated when clinically appropriate, usually within 1-2 h. One hour after administration of the loading dose a continuous infusion of 0.25 % bupivacaine 0.2 ml kg 91 h 91 (0.5 mg kg 91 h 91 ) was commenced and continued for 24 h, except in two patients where the infusion was continued for 36 h. Thereafter, paracetamol was prescribed in accordance with routine clinical practice. Hourly assessments of postoperative pain were made by a nurse not otherwise involved in the care of the patient, using a modified CRIES pain score [11] . An i.v. infusion of morphine 10 g kg 91 h 91 was prescribed as "rescue analgesia", only if a pain score 93 was recorded (maximum score : 10) and could not be reduced by a dummy or verbal soothing.
Arterial blood sample (1 ml) were obtained at 10-min intervals for 60 min after the loading dose and at 6-h intervals for 24 h after starting the infusion, for measurement of serum concentrations of bupivacaine. Blood samples were centrifuged, the serum separated and stored at 920 ЊC until assay. Serum concentrations of bupivacaine were measured by reverse phase high performance liquid chromatography using an Ultrasphere ods 5u, 150 4.6 mm column and 205 nm detector. The assay was calibrated with bupivacaine standard in methanol. Etidocaine or mepivacaine was used as the internal standard depending on the position of interfering peaks in the serum blank. A single extraction with methyl tert-butyl ether was performed. The limit of detection was 0.05 g ml
. The coefficient of variation was <4 % at 0.05 g ml 91 with a betweenbatch variability of 4 %.
Results
The age, weight and operation performed on each patient are shown in table 1. Median age was 5.3 weeks (range 2 days to 20 weeks) and median weight 3.8 (range 2.5-6.2) kg. There were no difficulties related to insertion of the extrapleural paravertebral catheter under direct vision, even in the smallest neonate. The extrapleural fascia, which has been described in adults [12] , was difficult to delineate in this age group, and therefore the catheters were inserted extrapleurally in the paravertebral space. There was no inadvertent intravascular catheter insertion in any patient, although blood-stained serous fluid, presumably from a collection in the extrapleural pocket, was aspirated before the test dose in almost every case. There were no adverse haemodynamic changes either after institution of the block or during infusion in any patient.
In 18 (90 %) patients the mean hourly pain score was 0.52 (SD 0.33) and the median of the mean hourly pain score was 0.46 (range 0.0-1.4) (fig. 2) ; none of these patients required morphine as rescue analgesia after operation. Two patients (10 %) had pain scores 93 and therefore they both received morphine. In both of these patients the catheters were found to be either blocked or kinked, thereby preventing infusion of bupivacaine.
The maximum serum bupivacaine concentration (CSmax) measured during the first 60 min after the There were no major complications relating either to the technique or the infusion. One patient had a transient ipsilateral Horner's syndrome which resolved after the infusion was stopped. Although there was evidence of accumulation of bupivacaine during the continuous infusion in many patients, none exhibited clinical signs suggestive of bupivacaine toxicity.
Discussion
We have confirmed that insertion of a paravertebral catheter, under direct vision at thoracotomy, is a safe technique, even in small neonates. A continuous infusion of bupivacaine into the catheter appears to provide effective postoperative analgesia for this procedure and this technique is now used routinely in our unit. However, we have shown that after 24 h there is evidence of significant accumulation of bupivacaine in some patients which, if the infusion had been continued for longer, may have reached potentially toxic concentrations [13] [14] [15] [16] [17] [18] . The dose of bupivacaine used was the maximum safe infusion rate recommended for extradural block in children [15, 19] ; preliminary results from an on-going study suggest that the concentration can be reduced without affecting efficacy.
Other regional techniques used to provide prolonged post-thoracotomy analgesia in children include continuous intercostal nerve block [20] , thoracic extradural [21] [22] [23] and intrapleural catheter insertion [24, 25] . All of these methods have the disadvantages of either technical difficulty or unreliable efficacy. Advancement of a lumbar or caudal extradural catheter into the thoracic region, to avoid the possibility of spinal cord injury in the anaesthetized child having a direct thoracic extradural, has achieved some success [26, 27] , although it may prove unreliable in infants [28] . Similarly, the use of continuous intercostal nerve block using catheters inserted during operation under direct vision [20] may fail to provide complete analgesia [29] . Figure 2 Mean (SD) hourly pain scores. Maximum score : 10. Paravertebral block should be more effective than more distal intercostal nerve block, as only the former reliably blocks the posterior primary rami and the ipsilateral sympathetic fibres [30] , both of which are involved in the afferent inputs after thoracotomy. Paravertebral block, although originally described by Kappis in 1919 [31] , received little attention until a continuous infusion technique was reported in 1979 [30] . This latter technique has since been used extensively in adults to provide safe, reliable and effective post-thoracotomy analgesia [10, [32] [33] [34] . The intercostal nerves, their collateral branches, especially the posterior primary rami and the thoracic sympathetic chain, pass through the paravertebral space making it an ideal site for afferent nociceptive block. Segmentation of the nerve into small bundles lying freely among the fat of the paravertebral space makes the nerves exceptionally favourable for block [35] and, furthermore, each space communicates superiorly and inferiorly, across the neck of the ribs, with the spaces above and below. This has been demonstrated in cadaver studies with resin [36] , radiologically with contrast medium [37, 38] and clinically with the use of methylene blue at thoracotomy [10] . Although unilateral paravertebral spread of contrast medium without overspill into the pleural cavity or extradural space has been demonstrated [38] , medial spread into the extradural space has also been shown [37, 39] . The role of this extradural spread remains unclear, but it may play a part in the extension of sensory block.
Paravertebral block has only recently been reported to provide effective post-thoracotomy analgesia in children, performed either percutaneously [8] or by inserting a catheter in the extrapleural paravertebral space under direct vision [9] . The technique has been shown to produce analgesia equal to or superior to extradural analgesia in children [7] . Although paravertebral block has been dismissed in many standard texts as being a hazardous technique [40, 41] , these comments have been unsubstantiated by any evidence. In fact the complication rate for percutaneous paravertebral block in children (pleural puncture (2.08 %), vascular puncture (4.2 %) and an overall failure of rate of 6.2 % (3/48) [42] ), can be compared favourably with other regional techniques used in this age group [43, 44] . Moreover, these complication and failure rates can be reduced further by performing catheter insertion under direct vision which we have found to be an effective technique in even the smallest neonate. We did not encounter any problem relating directly to the technique of catheter insertion; a similar lack of complications was reported in a study of six older children using this same method of analgesia [9] .
In our study we found that the technique of continuous extrapleural paravertebral infusion of bupivacaine provided effective analgesia in 90 % (18/20) of our patients compared with the 100 % (6/6) success rate in older children reported by Eng and Sabanathan [9] . The 10 % (2/20) failure rate in our study was related to catheter blockage. The catheters used in both of these patients were designed to pass through a 19-gauge Tuohy needle, had only end holes and a tendency to kinking and blockage.
The use of these particular catheters was therefore discontinued and slightly larger catheters (od 0.9 mm) with three lateral eyes, able to pass through an 18-gauge Tuohy needle, were used in all subsequent patients, however small, with a resultant 100 % success rate.
